tive deficits, primarily dementia due to the formation of amyloid beta (Aβ) plaques and neurofibrillary tangles [3] [4] [5] . In addition, there are added complications because of the dysfunction of various neurotransmitter systems, making the management of AD patients a challenging task, personally, financially, and socially. Despite rigorous research, no potential drug is in sight for AD.
Models of AD (AD causing Aβ toxicity) in tractable organisms such as Caenorhabditis elegans [6] and mice [7, 8] are widely used. They aid in understanding the disease mechanism and in the development of therapeutics. The major advantages of C. elegans system [9] are: manifestation of in vivo Aβ aggregation/toxicity effect, amenable, preclinical drug screening, understanding the mechanism through forward and reverse genetics, presence of nervous system with 302 neurons of 118 classes [10] , and neurotransmitter system similar to the mammalian system [11] , such as acetylcholine, glutamate, GABA, etc., short lifespan in days, being a hermaphrodite can produce a large number of worms, short generation time of 3 days to develop from embryo to adult, high throughput screening of drugs, and less expensive [9] . The identified lead compounds can be evaluated in the transgenic (Tg) mouse models of AD. Though time consuming, the prominent deficit, dementia or loss of memory, reversal in the AD models in mice by identified lead compounds will take us closer to the potential drug candidates.
One of the commonly used well-established Aβ toxicity model in C. elegans (CL2006) is the unc-54 promoter-driven toxic Aβ42-peptide expression in muscles [6] . The Aβ toxicity is manifested as progressive paralysis [6] .
Various pharmaceutical, natural, supplementary therapies are being tried for AD [12, 13] . Some of the natural compounds-alkaloid-reserpine [2] , components of red seaweed [14] , lycopene [15] , 18-alpha glycyrrhetinic acid proteasome activator [16] , traditional Chinese medicines such as Shengmai [17] and Liuwei Dihuang [18] -were reported to alleviate Aβ toxicity in the C. elegans model. Of these, earlier studies have reported that reserpine, an FDA approved anti-hypertensive and anti-psychotic drug, which also happens to be an Ayurvedic drug called 'sarpagandha' from the roots of Rauwolfia serpentina , alleviates amyloid toxicity in the above described model in C. elegans [1, 2] .
Reserpine reduces the plaque forming Aβ42 significantly in the Tg2576 Tg mouse model of AD [19] and improves the working memory [20] in the 5XFAD AD Tg mouse model [8] . Moreover, earlier studies have shown that reserpine modulates acetylcholine release in C. elegans [2] . However, the mechanism, genes, and pathways are not known.
Neuropeptides are a large family of short (approximately 5-20 amino acids), bioactive peptides acting on the nervous system. C. elegans possesses more than 100 different neuropeptides [21] . These are encoded as Pre-Pro-with several neuropeptides generated from a single protein by stepwise specific protease cleavage. Furthermore, a single type of receptor can bind diverse neuropeptides, making their study a great challenge. One class of neuropeptides is the short FMRFamide peptide. One among them is the neuropeptide, FLP-11 (K02G10.4, X chromosome) whose exact function is not known [21, 22] . FLP-11 expression is driven by its own ∼ 2.8 kb promoter region [22] .
In this study, we evaluate whether the ∼ 2.8 kb promoter region of FLP-11 driving the expression of GFP can be a critical mediator of the alleviation of Aβ toxicity through acetylcholine and reserpine in C. elegans .
Methods

Strains
Bristol N2: wild-type, RB918: acr-16 ( ok789 ) V, NY2040: ynls40V ynls40 (P flp-11 ::GFP) were obtained from the Caenorhabditis Genetics Center, University of Minnesota. The Tg C. elegans line that expresses Aβ in the body wall muscles (CL2006) is a kind gift from C.D. Link [6] (University of Colorado, Boulder). All the C. elegans strains including CL2006 were maintained following standard protocols [23] at 20 ° C using NGM plates with Escherichia coli OP50 as food.
Reserpine Treatment
Worm strains were treated with reserpine in acetic acid as reported earlier [1, 24, 25] at a concentration of 60 μ M [1] at 20 ° C. Reserpine was spread on NGM plates with E. coli OP50 bacterial lawn.
Paralysis Assay
For the paralysis assay, the L4 stage worms were transferred to plates with or without reserpine and monitored for 12 days [26] . The worms were scored as paralyzed when they did not move even after repeated prodding. The assay was repeated at least thrice.
Aldicarb Assay
Aldicarb assays were carried out as reported, with minor modifications [2] . Aldicarb plates were prepared by adding aldicarb to the NGM media (final concentration 0.1 m M ) before pouring to the plates. L4 stage worms were placed on the aldicarb plates and followed for paralysis. All assays were carried out minimum 3 to several times.
Statistical Analysis
Mean ± SD and p values were calculated using the software SigmaPlot 10.0. Progressive paralysis was plotted using SigmaPlot 10.0.
Results
Abolition of Aβ Toxicity
Initial studies revealed that modulation of acetylcholine release contributes to reserpine-mediated alleviation of Aβ toxicity [2] in C. elegans . But the upstream or downstream mechanism is not known. Hence, the strain NY2040, which expresses the GFP reporter under the FLP-11 (P flp-11 ) promoter [22] was screened. It was observed that Aβ toxicity-induced paralysis was reduced to ∼ 40% in the P flp-11 ::GFP background ( fig. 1 b, c; table 1 ).
Further reserpine treatment, nearly reduced it to 10% ( fig. 1 b, c; table 1 ). Overall, a dramatic protection was observed with a 60% reduction ( fig. 1 d) in Aβ toxicity. But, this did not reduce the Aβ aggregates (data not shown) determined by immunohistochemistry as reported earlier [1] .
To identify the potential peptide molecule that could be transcribed from the FLP-11 promoter, an ORF analysis was carried out in the FLP-11 promoter region ( ∼ 2.8 kb), which gave multiple ORFs. The authors attempted to amplify the ORF with specific primers by RT-PCR. But no PCR product was obtained, suggesting the absence of existence of any of these ORFs. 
Acetylcholine Participates in the P flp-11 ::GFP Mediated Aβ Toxicity Alleviation
Subsequently, it was determined whether P flp-11 ::GFP effect is dependent on acetylcholine since the authors had previously reported that reserpine modulates acetylcholine to alleviate Aβ toxicity [2] . Chronic aldicarb treatment increases the acetylcholine concentration leading to the paralysis of the Aβ toxicity model worms ( fig. 2 ; table 1 ). In contrast, in the AD; P flp-11 ::GFP worms, there was a significant reduction (20%) of the paralysis of the worms with aldicarb ( table 1 ; fig. 2 ). Though reserpine reduced paralysis by 34% in the presence of aldicarb ( table 1 ; fig. 2 ), the overall reduction is only upto 30% and not to the near abolition observed with reserpine alone. This suggests that the endogenous and below endogenous (by reserpine) acetylcholine concentration in the neuromuscular junction strongly influences the alleviation of Aβ toxicity.
Discussion
Reserpine, the FDA approved anti-psychotic and anti-hypertensive drug, extends the lifespan of C. elegans [25] and alleviates Aβ toxicity [1, 2] . To understand the mechanism through which Aβ toxicity is alleviated, a novel approach was considered. Small molecule neurotransmitters and neuropeptides act in tandem. Unlike neurotransmitters, a huge number of neuropeptides ( ∼ 100) exist in C. elegans [21] . Identifying and understanding their function is a huge challenge [21] .
To determine the role of the FMRF amide neuropeptide in the alleviation of Aβ toxicity, the C. elegans strain, NY2040 [22] , in which GFP reporter was driven by FLP-11 promoter, was screened with reserpine. The FLP-11 promoter drives the GFP expression mostly in different neurons of the head and the ventral cord ( fig. 1 a) . More- over, the GFP seems to be transported/secreted out as the ventral nerve cord or dorsal nerve cord, and the long axonal processes in the head region show GFP fluorescence. Aβ toxicity is reduced per se and drastically alleviated upon reserpine treatment ( fig. 1 ; table 1 ). The in silico analysis could generate several ORFs from the promoter. But RT-PCR did not yield any PCR product. Therefore, it is unclear how the ∼ 2.8 kb FLP-11 promoter specifically resulted in (i) GFP to be transported out of the neuronal cell bodies into the processes and (ii) the alleviation of Aβ toxicity. Furthermore, the modulation of acetylcholine level (2) is necessary ( fig. 2 ; table 1 ) to bring about the protective effect in the P flp-11 ::GFP background, suggesting acetylcholine level modulation as the primary step in this context. Furthermore, mapping and identification of the specific region in the promoter could shed light on how the protective effect is brought about.
Thus, the FLP-11 promoter encoded information is able to bring about alleviation of Aβ toxicity. Near abolition of Aβ toxicity could be achieved in the P flp-11 ::GFP background, proving that reserpine utilizes novel ways to alleviate Aβ-induced toxicity. Reserpine should be evaluated in a pilot study in AD patients as: (i) a drug to treat AD is the need of the hour; (ii) reserpine being used as an anti-hypertensive drug; and (iii) more importantly, reserpine alleviates Aβ toxicity.
